SUMMARY Since November 1979 left ventricular angiography and coronary arteriography have been performed in 80 patients with evolving acute myocardial infarction in order to attempt coronary recanalisation by local streptokinase infusion. The average delay between the onset of symptoms and streptokinase infusion was 3*6 hours. Thrombolysis was successful in 64% of cases. No serious complications related to the procedure were noted. Of the 12 patients in cardiogenic shock, recanalisation was achieved in only four, of whom two survived.
SUMMARY Since November 1979 left ventricular angiography and coronary arteriography have been performed in 80 patients with evolving acute myocardial infarction in order to attempt coronary recanalisation by local streptokinase infusion. The average delay between the onset of symptoms and streptokinase infusion was 3*6 hours. Thrombolysis was successful in 64% of cases. No serious complications related to the procedure were noted. Of the 12 patients in cardiogenic shock, recanalisation was achieved in only four, of whom two survived.
To evaluate the left ventricular salvage resulting from early recanalisation the last 58 patients had a second left ventricular angiogram and further coronary arteriograms 21 + 10 days later and 16 patients had a third study three months later. From the left ventricular angiogram in the right anterior oblique projection the ejection fraction and two graphic variables of regional wall motion were computed quantifying the hypokinetic zone. Patients were divided into two groups, according to the patency of the infarct related artery at the second control: group 1 consisted of 28 patients with successful recanalisation confirmed, and group 2 of 30 patients in whom no recanalisation was achieved or secondary reocclusion had occurred. At the second study the ejection fraction was unchanged in group 1 but had significantly decreased in group 2. Regional wall motion improved in group 1 and worsened in group 2, more so in patients without recanalisation than in those in whom secondary reocclusion had occurred. The third study showed a further decrease in ejection fraction in group 2. A progressive decrease in percentage residual stenosis was observed in group 1. This sequential angiographic study confirms the partial myocardial salvage resulting from early coronary recanalisation during acute myocardial infarction.
Animal experiments have shown that the reperfusion extent of acute myocardial infarction. The question, of an obstructed coronary artery within the first six however, of how beneficial the restoration of coronary hours of coronary occlusion results in a reduced flow is in the salvage of jeopardised myocardium infarct size. [1] [2] [3] In man, since the first report by remains unclear and warrants further investigations.
Rentrop et al.4 four years ago, it has been widely
Eighty patients at the early stage of myocardial
shown that the intracoronary infusion of fibrinolytic infarction were considered for myocardial reperfusion drugs can produce coronary artery recanalisation.-l'2 by intracoronary infusion of streptokinase and thereand this has been proposed as a way of reducing the fore had left ventricular and coronary angiograms.
Fifty eight of these patients had a second haemodynamic and angiographic study three weeks after the intervention to assess the natural history of Accepted for publication 3 Cribier, Berland, Champoud, Moore, Behar, Letac through the coronary angiography catheter. In 13 cases streptokinase was infused through a 2F radioopaque catheter advanced through the angiography catheter into the coronary artery to the site of the obstruction. The effect of streptokinase was assessed with an electrocardiogram and coronary opacification every 15 minutes. After successful recanalisation, streptokinase infusion was continued for 15 to 30 minutes longer. If recanalisation was not achieved after 60 minutes, the procedure was usually stopped; in two cases, however, the infusion was continued for a further 30 and 60 minutes.
At the end of the procedure the patients were transferred to the coronary care unit. Treatment consisted of heparin, started when the hourly checked plasma fibrinogen concentration was above 150 mg/100 ml, intravenous glyceryl trinitrate 10 ,ug/min for 24 hours, nifedipine 30 mg/day orally, and dipyridamole 450 mg/day orally. Antiarrhythmic drugs were used whenever necessary. The patients' progress was followed by continuous electrocardiographic monitoring and a standard electrocardiogram twice a day with MB CK assays every six hours. They were usually discharged after two weeks taking nifedipine, dipyridamole, and oral anticoagulants in all cases. EVALUATION computed from each left ventricular angiogram. Regional wall motion was studied from a superposition of systolic and diastolic left ventricular outlines with a correction for apex rotation, according to the method of Leighton et al. 13 The ventricular cavity was divided into 30 segments by 29 axes (Fig. 1) . The percentage change in each axis was compared with the theoretically normal values derived from the study of 20 normal subjects and the regional contractility was expressed as a linear graph ( Fig. 2 ) in which the upper and lower limits of normal (mean ± 2SD) are shown. Hypokinesis was considered when the percentage shortening of an axis was more than 2SD below normal mean. To evaluate the importance of the hypokinetic zone and compare successive angiograms, two indices were computed from the graphic wall motion outline ( Fig. 3 CORONARY ANGIOGRAPHIC DATA stenosis (visual estimation) was observed at the site of Coronary angiography was performed 3-6 ± 1-2 hours the obstruction in all cases. after the onset of chest pain. It showed complete coronary occlusion in all patients except six in whom CLINICAL COURSE there was only a severe stenosis (9r/o cf cases). The In cases of successful recanalisation, a striking left coronary artery was affected in 50 patients (left improvement in the symptoms and electrocardiogmain, 4; left anterior descending, 32; circumflex, 12; raphic signs of myocardial ischaemia was observed, diagonal, two) and the right coronary artery in 30 the elevated ST segments returning to the isoelectric patients. Intracoronary glyceryl trinitrate had no line within a few minutes. Ventricular extrasystoles effect except in two cases where it was followed by a were frequent during the first few minutes after transient reopacification of the first centimetres of the recanalisation but were easily controlled by intravenartery. The guide wire could be pushed through the ous lignocaine. Six patients had ventricular tachycarobstruction in 32 cases, with a subsequent sluggish dia which had to be cardioverted. and incomplete opacification of the occluded artery, Of the 12 patients with cardiogenic shock on admisoften showing unmistakable evidence of intravascular sion, eight died during the procedure, in two cases thrombosis at the occlusion site.
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was successful were alive and without symptoms 12 and 14 months later.
No complication directly related to the recanalisation procedure was noted.
Creatine kinase activity which was normal on admission (<100 IU), increased to 1500 ± 180 IU. Four patients in whom recanalisation was successful complained a few days later of chest pain with increased creatine kinase concentrations and electrocardiographic abnormalities suggesting extension of myocardial infarction. The second angiographic study showed coronary reocclusion in only two cases. There was no extension of myocardial infarction in patients in whom recanalisation was unsuccessful.
None of the 39 patients in whom recanalisation was successful died during the hospital stay, but two of the 22 patients in whom it was unsuccessful died. pressure was decreased from 19± 7mm Hg to 14±8 mmHg (p<0*02).
The ejection fraction was initially 47+10% (below 60% in 24 cases) and was unchanged at the second study (49±10%, NS). The hypokinetic surface decreased from 12±6 cm2 to 9+4 cm2 (p<001) and the hypokinetic length from 46±14% to 40±12% (p<0.05). In one out of 15 cases of proximal left anterior descending artery occlusion, a typical left ventricular aneurysm (defined as a protrusion of the akinetic surface out of the normal diastolic contour) was seen at the second study. In this patient there was a six hour delay betweeri the onset of pain and recanalisation.
Group 2 (no recanalisation or reocclusion) 30 patients-
The heart raite (85 ±21/min v 80± 13/min, NS) and left ventricular end-diastolic pressure (17±6 mmHg v 16±8 mmHg, NS) remained unchanged. The left ventricular end-diastolic volume increased from 82±21 ml/m2 to 101±21 ml/m2 (p<0001). The ejection fraction decreased from 54±90/o to 45±12% (p<O.001). In eight cases, the initially subnormal ejection fraction was much decreased, below 40%. The hypokinetic surface increased from 7±4 cm2 to 11±6 cm2 (p<0.001), as did hypokinetic length: 36±13% to 44±16% (p<0001). In this group, five out of the eight patients with proximal left anterior descending occlusion developed a typical left ventricular aneurysm. The angiographic results obtained in subgroups 2a (secondary reobstruction, 10 patients) and 2b (no recanalisation, 20 patients) are given in Table 2 . The ejection fraction decreased less in subgroup 2a (52+80/o to 47±9%,-NS) than in subgroup 2b (55±100/o to 43+13%, p<0001). The change in hypokinetic surface was small in subgroup 2a (8±3 cm2 to 9±4 cm2, NS) and large in subgroup 2b (7+5 cm2 to 12±6 cm2, p<0.001). Changes in hypokinetic length were similar to those of hypokinetic surface: 34±11% to 40±12% (p<0.05) in group 2a, 37±14% to 46±18% (p<0.01) in group 2b.
Comparative study of groups I and 2 The anatomical distribution of the coronary obstruction in groups 1 and 2 was statistically similar except for the number of left anterior descending artery occlusions (15 in group 1 v eight in group 2, p<005). Lesions were more often distal in group 2 than in group 1. This explains the fact that initial global or regional left ventricular function alterations were more severe in group 1 than in group 2 as shown by the ejection fraction (p<0.01), hypokinetic surface (p<0.001), and the hypokinetic length (p<001).
Influence ofdelay between onset ofpain and beginning of intracoronary thrombolysis In group 1 the mean delay was 3X3+ 1-2 hours, while it was 4-6±1 hours in group 2. This difference is significant (p<002). No correlation was found, however, between the delay and the percentage change in 408 left ventricular function variables.
Three months later, a third left ventricular angiogram and coronary angiogram was obtained in 16 of these 58 patients (seven from group 1 and nine from group 2). Results are given in Table 3 . No coronary reocclusion was noted in patients in group 1 but there was one patient with spontaneous recanalisation in those in group 2. In the patients in group 1, the percentage residual coronary narrowing decreased from 84+14% to 56+22% (p<0 05) at the second study and further decreased to 45±18% (p<001) at the third. Between the second and third studies in group 1, the ejection fraction did not change (49+5% v 50+9%, NS) nor did the hypokinetic surface (11+5 cm2 v 9+5 cm2, NS) and the hypokinetic length (44±14% v 38±14%, NS). In group 2, the ejection fraction further decreased from 47+ 11% to 41 ± 11% (p<0.05) but neither the hypokinetic surface (14±+6 cm2 v 11±4 cm2, NS) nor the hypokinetic length (49±12% v 49±12%, NS) was changed.
Discussion EFFICACY OF SELECTIVE STREPTOKINASE INFUSION IN CLINICAL ACUTE MYOCARDIAL INFARCTION
In this series of 80 patients who were considered for intracoronary thrombolysis who underwent early coronary angiography, myocardial infarction was found to be the result of coronary obstruction in all but six cases (92%), higher than the figures usually given in the published reports (approximately 80% in American or German studies). 14 15 The progressive recanalisation with streptokinase confirmed the thrombotic nature of the occlusion as seen on coronary angiography. The angiographic aspect of the occlusion during recanalisation was also often suggestive of a thrombus. The failure of intracoronary glyceryl trinitrate in our series as well as in others rules out spasm, as opposed to Olivia and Breckenbridge's'6 report.
Our 64% success rate is slightly less than that commonly reported in smaller series, which range from 67% (Reduto et After recanalisation, the rapid regression of chest pain and the simultaneous return of the ST segment to the isoelectric line mirror the disappearance of ischaemia in the jeopardised myocardium5-9 rather than an acceleration of the necrotic process as has been suggested,'7 which would not accord with the Cribier, Berland, Champoud, Moore, Behar, Letac improvement in regional wall motion after recanalisation.
Myocardial necrosis occurred in every case despite recanalisation, as indicated by the constant appearance of a Q wave on the electrocardiogram and long term persistence of a hypokinetic zone on the left ventricular angiogram. It is probable that only very early recanalisation, probably within 20 to 30 minutes, could totally avoid myocardial infarction, as has been observed when recanalisation was done immediately after an acute obstruction during catheterisation. 18 19 In two patients, reobstruction occurred 48 hours after recanalisation at the same site, as was confirmed by a subsequent angiogram. This reocclusion was accompanied by a sharp increase in CK levels, showing that initially an ischaemic zone had been preserved from necrosis by the recanalisation.
COMPLICATIONS
No accident or incident could be related to the initial left ventricular angiogram performed in all patients except in the case of those in cardiogenic shock.
Reperfusion ventricular arrhythmias, premature ventricular beats, or even episodes of ventricular tachycardia should not actually be considered complications of intracoronary thrombolysis since they were not followed by any adverse effect and were often a sign of successful recanalisation.
In our series, intracoronary thrombolysis had little beneficial effect in patients with cardiogenic shock: eight of 12 such patients died during the procedure, in four of these after a successful revascularisation which could suggest a possible aggravating effect of the recanalisation. In two cases, however, long term survival could, at least in part, be attributed to the recanalisation.
The total dose of streptokinase infused did not exceed 280 000 IU in our series, though some authors have used twice that amount.7 This could account for the absence of haemorrhagic complications in our series, compared to that reported in a large multicentre study of 7.4%.2°L
EFT VENTRICULAR FUNCTION AFTER INTRACORONARY THROMBOLYSIS
The lack of accurate data concerning the natural history of left ventricular function during acute myocardial infarction and the ethical problems involved in randomisation after the initial left ventricular and coronary angiograms make an evaluation of the benefits of recanalisation on myocardial function especially difficult. In other reports, the effects of intracoronary thrombolysis were evaluated by the evolution of the ejection fraction, either immediately or a few weeks later.5621 22 Evaluation of regional wall motion was either subjective22 or limited to five ventricular zones. 21 The indices of ventricular function we used after a precise localisation of the hypokinetic zone afford a better appraisal of changes in left ventricular performance.
In our study two groups of patients were compared. Group 1 consisted of all patients in whom recanalisation was achieved and in whom it persisted. Group 2, used as a control group, was more heterogeneous. Of its 30 patients, the 20 in whom recanalisation was unsuccessful (including the five who did not even have infusion of streptokinase) can be considered as real control subjects, while the validity of using as control subjects the 10 In group 2, the deterioration in the hypokinesis led to a ventricular aneurysm in five out of eight patients as opposed to only one out of 15 patients in group 1, a significant difference (p<0.02). The decrease in the contractility indices was higher in subgroup 2b than in subgroup 2a, which suggests a beneficial effect of even temporary recanalisation.
The delay between the onset of pain and intracoronary thrombolysis was longer in group 2 than in group 1. In the latter, however, no relation was found between this delay and the improvement in left ventricular function, in contrast to the findings of Rentrop et al. 22 If myocardial revascularisation cannot completely prevent infarction, our results show that early recanalisation leads to a notable degree of myocardial salvage, as previously shown in experimental studies.'"3 The recanalisation seems to "freeze" the extension of the infarction and save the jeopardised myocardium from further and irreversible ischaemia. The absence of a relation between the delay and the left ventricular function changes may seem paradoxical, but the exact time at which the artery is occluded is not really known. In addition the collateral flow was not investigated in this study where the initial angiogram was limited to the infarct related coronary artery.
The small number of patients in the third study does not allow us to draw any conclusion as to the stability of the changes in regional left ventricular function variables observed at the second, except for the further decrease in ejection fraction in group 2. There was, however, a tendency towards an improvement of the hypokinesia in group 1 which could become significant with a few more patients.
If the improvement of regional left ventricular function after successful recanalisation confirms a partial salvage of jeopardised myocardium, the relatively small number of patients and the brief period of the survey do not allow us to draw conclusions on the effects of recanalisation on long term mortality and morbidity though there were no hospital deaths among the patients in whom recanalisation was successful and two among those in whom it was not. One must also bear in mind the remarkable reduction in hospital mortality in the German multicentre study which included over 200 patients. 20 Management following recanalisation is difficult when a severe stenosis persists, which is almost always the case. In this series, only three patients had an aortocoronary bypass performed to the recanalised artery after the second study. The decision to operate was only taken when there were multiple coronary lesions, when regional left ventricular function was satisfactory, and when the distal bed of the recanalised artery was of good quality. 
